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Horizon Generators

» Many suggestions that BH entropy comes from arrangements
of 1-bit areas on horizon

» Holographic point of view reinforces this: horizon contains the
data that determines exterior geometry

» Make here a physical assumption: null generators of horizon
are quantized, area quanta associated with them

» They are “gravitons”, and the 1-bit datum is their spin
helicity: up (1) or down ().

» If there are N such gravitons and a fraction f are T, 1 — f are
|, then one can make Schwarzschild (f = 1/2) or Kerr

(f #1/2).
» The entropy is the statistical entropy associated with
rearrangements of identical gravitons.
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Entropy, Spin, and Mass

Number of states: W = W
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Entropy for large N (use Stirling's formula)
S=kinW = kNa(f),

a(f):=—fInf —(1—f)In(1 = f)(> 0).

v

ka(f) is the specific entropy, entropy per generator. For
Schwarzschild, o« = In 2.

Each graviton has spin +2h. Total spin J = 2(2f — 1)AN.

Bekenstein-Hawking entropy S = kA/4h,
A = 8r[M? + /(M* — J?)], so that M? = A/167 + 47 J?/A.
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Result: Spin a/M of the hole
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Result: Mass of the hole
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Result: Fundamental Quantum of Area

dA = A/N = 4ha(f)
Only tiny variation between Schwarzschild and Kerr: 6A/R
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Energy per graviton

£, = M/N aff)  4m(2f —1)2

h
T M| 4n + a(f)
Sensible: typical wavelength of order M.
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» For fixed N, larger f means larger M and smaller entropy.
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» Why does temperature vanish at a/M = 17
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